Abstract : Ski industry is sensitive to climate change. Many studies were carried out to learn the impact on climate change to large scale ski resorts around the world and the results are difficult to be applied to small scale ski resorts in general. So, this study targeted small ski resorts composing the ski industry of Korea and forecasted the impact of climate change. As a result, based on the mitigation
I. Introduction
The surface temperature of the Earth has increased 0.85 (0.65 to 1.06) ˚C over the period from 1880 to 2012, and the speed of warming is gradually quickening. It is expected that the trend of warming will continue in the future. If we do not work hard to mitigate climate change, the (average) surface temperature of Earth from 2080 to 2100 will be 4.8 ˚C higher than that of the 1986 -2005 (IPCC, 2013 . The global warming has negative effect on ecology, industry and our everyday lives. Among all, it is the tourism industry that is hit most hard by the climate change.
The tourism industry is vulnerable to climate change since climate is an important factor (Becken & Wilson, 2013) , especially when natureoriented or season-oriented tourism is heavily effected to climate. The ski industry is a good index for tourism. It is highly susceptible to climate change as skiing is only available at specific conditions such as cold temperature for snow or snow making.
Since 1990s, there were many studies on the effects of climate change to ski industry. The early studies focused on estimating the decreased amount of snowfall and described the increased hardship in ski industry (Whetton et al., 1996; Koeing & Abegg, 1997; Elasasser & Burki, 2002; Fukusima et al., 2002) . Since 2000s, using artificial snow was more universal and emphasized in ski industry. Researchers focused on studying the condition for artificial snow making since the operation of ski resort depends on the ability to make snow (Scott et al., 2003; Hennessy et al., 2008; Steiger, 2010; Steiger & Stotter, 2013 ).
Furthermore, couple of studies were conducted on learning the economic loss caused by reduced operation days (Moen & Fredman, 2007; Dawson et al., 2009) , and accessibility change to ski resort caused by ski resorts business closure (Dawson et al., 2009; Dawson & Scott, 2013) . Recently, many researchers performed studies to figure out the perception, reaction and adaptive action of the ski industry (Bicknell & Mcmanus, 2006; Bank & Wiesner, 2011; Trawoger, 2014) .
The significance of these studies is the establishment of standard on the impact of climate change to tourism industry as well as the estimation of future changes and possible risk.
However, most of these studies were performed at large scale ski resorts in Austria and Canada and other famous locations around the world.
Therefore, the results of the studies are somewhat difficult to be applied at small scale ski resorts.
Song-Yi Kim·Chan Park·Jin-Han Park·Dong-Kun Lee / Estimating Effects of Climate Change on Ski Industry 433 efforts to minimize climate changes of the future (RCP 4.5), ski industry could be maintained at the same level of today. However, if climate change continues at the current trend (RCP 8.5), ski resorts will face loss of business days. If 100 days are considered as the minimum days to maintain the ski business, among 17 ski resorts in Korea, 3 ski resorts will be driven out of business by 2030s, 12 more ski resorts by 2060s and remaining 2 ski resort by 2090s will end the business. It means that smaller ski resorts has higher chance of facing difficulties in running business just as large scale ski resorts. Therefore, to sustain the ski business, technical and managerial efforts to adapt to the changing environment is needed. Chain and ski resorts in Gyeongsangnamdo is located at end of Nakdongjungmaek, approximately 600m in elevation. All of these ski resorts are located at the hillside of the mountains so altitudes are less than 1000m and the size of ski resorts are around 1km×1km.
Ⅲ. Method

Data
This study used the existing climate data and projected the minimum temperature from
November to March in the future. According to data analysis, the minimum temperature from April to October until 2100 does not drop below zero degree in Korea so the data was excluded in this study. Center. The data resolution has been set at 1km×1km.
Ski season simulation
The (Table 1) .
Third, about deciding when to close ski season, operators answered that they close the season in March, even if temperature stays below -2˚C.
According to the interview, the most important factor deciding the time of closure is demand satisfaction. The number of visitors reduces once school starts with snow deterioration. Thus, this study initially intended to set the condition of "resort closing" at the point when snow deteriorates easily and change of environment is closely related to the degree of attractiveness of visiting ski resorts by customers, namely, when temperature is over zero degree.
436 환경영향평가 제24권 제 5호 Last, ski resorts are operated based on a season unit counting the consecutive days between the opening and closing date when snow plowing is completed rather than adding up the days opened during the season.
Then, the value of current temperature was set as baseline using the average value estimated from the daily minimum temperature records 
Ⅳ. Results
Temperature Change
If, fortunately, the mitigation efforts of climate change ends up as a success (RCP 4.5), the average minimum temperature for ski season in Korea will only rise from -5.58 to -3.98 (+1.60).
The ski resorts in Mid Gangwondo will face increase from -8.14 to -5.71 (+2.43), the ski resorts Base line -8.14 -8.14 -8.14 -8.14 -8.14 -5. 68 -5.68 -5.68 -5.77 -5.77 -5.77 -5.77 -5.77 -4.11 -4.11 -4.11 -4.11 -4.11 -6.44 -4.42 -2.18 -5.58 30s -7.66 -5.92 -7.60 -7.01 -7.05 -5.54 -5.77 -5.65 -5.20 -4.99 -5.48 -6.05 -5.43 -3.97 -3.65 -3.14 -3.64 -3.60 -3.71 -4.54 -1.59 -5.03 60s -6.83 -5.05 -6.54 -6.24 -6.17 -4.64 -4.68 -4.66 -4.26 -4.16 -4.49 -5.25 -4.54 -3. Base line -8.14 -8.14 -8.14 -8.14 -8.14 -5. and Gyeongsangnamdo, the lowest daily temperature will be up to zero degree during the winter in 2090s (Table 2) .
Ski Season Change
If the efforts to mitigate climate change results as a success (RCP4.5), the ski resorts at Mid Gangwondo, South Gangwondo and Jeollabukdo will be relieved from facing difficult situation as they will continue to guarantee 130 days of operation. In addition, the resorts in West
Gangwondo, Gyeonggido and Chungcheonbukdo will also continue status quo 110 days operation.
The Gyeongsangnamdo region, ski resorts could 438 환경영향평가 제24권 제 5호 ( 5) 120 ( 6) 121 ( 5) 119 ( 6) 122 ( 4) 120 ( 6) 135(-6) 131( -3) 60s 114 (10) 91 (28) 114 (10) 93 (27) 114 (10) 93 (27) (29) 126 ( 1) 95 (25) 94 ( 0) 52 (45) 90s 118 ( 9) 55 (57) 133 (-5) 56 (56) 90 ( 4) 11 (88) * some negative(-) reduction ratio means increase ratio Gangwondo will lose all of its ski resorts and by 2090s. Mid Gangwondo will be forced to terminate its business, and then no more ski business will be operated in Korea (Figure 2 ).
Ⅴ. Discussion
Ski season simulation method
Many studies have tried to develop sophisticated ski season simulation model. The representative models are SkiSim1.0 (Scott et al., 2003) and SkiSim2.0 (Steiger, 2010) . There are a couple of differences between the one constructed in this study and the model of recent studies depicted in the Table 4 .
The first major difference of this study is that the temperature for artificial snow threshold was set higher than that of the existing scenarios.
Unlike large scale ski resort in the world, Korean ski resorts have less natural snow and therefore, worked hard to improve snow making technology to overcome such challenges. As a result, 
Ski season shortening and Alternatives
Base on the premise that the effort to reduce the trend of climate change will continue, RCP 4.5 forecasted that there will be not much of a change in the ski resorts in Korea. However, 440 환경영향평가 제24권 제 5호 days. This could be translated that the hardship of ski business caused by climate change will not be restricted to one area but it will become a worldwide problem (Table 5) .
Korean ski industry is already sensing the impact of climate change and reacting to make an adaptation to its influence. The response divides into 2 parts: technical aspect and management part. survive until 2090s (Figure 3 ). However, considering the expenses to operate a ski resort, it is destined to face loss of business operation and it is unclear that they could maintain its business by 2090s. It is also uncertain that the future demands of ski will maintain at the same level of today.
Ⅵ. Conclusion
This study focused on the impact of climate change on small scale ski resorts in Korea.
If the efforts to mitigate climate change maintains, it is expected that the ski industry in Korea will not face any changes compared to today.
However, if the climate change rate continues as it is today, the ski resorts in Korea, as other world class large scale ski resorts, will experience reduced number of ski season days and many of them will be impossible to run a business.
Ski resort operators will continuously improve snow management skills and transfer into complex resort business to lower the dependency on ski business. If such efforts are sustained, there is a high chance that ski resorts can be operated till the 2090s. However, considering the human resource and physical resource investment, the reality is quite doubtful.
Climate change is continuing even at this moment. Therefore, the ski industry which is highly dependent to climate change cannot avoid changes. To sustain ski industry, the effort to mitigate climate change and steady research is needed. Moreover, to adapt to trend of climate change, technical and managerial study and effort must be continuously performed. 
